Abstract-In this paper, a simple control strategy for an optimal extraction of output power from grid connected variable speed wind energy conversion system(VSWECS) with reduced switch count power converters is presented. In order to improve the overall efficiency and to reduce the cost, B-4 PWM converters are used. The system consists of a variable speed wind turbine coupled to a permanent magnet synchronous generator(PMSG) through a gear box, two PWM B4-power converters. Output power from PMSG is first converted into dc and then it is fed to the grid. Both the power conversions are performed at unity power factor and the de link voltage is maintained constant. The (MPF'T) extracts optimum power from the wind turbine from cut-in to rated wind velocity by sensing only the turbine output power. The complete system has been simulated for various wind velocities. The control algorithm is implemented on TMS320F243 DSP and the simulated results are validated by experimental results. 
Abstract-In this paper, a simple control strategy for an optimal extraction of output power from grid connected variable speed wind energy conversion system(VSWECS) with reduced switch count power converters is presented. In order to improve the overall efficiency and to reduce the cost, B-4 PWM converters are used. The system consists of a variable speed wind turbine coupled to a permanent magnet synchronous generator(PMSG) through a gear box, two PWM B4-power converters. Output power from PMSG is first converted into dc and then it is fed to the grid. Both the power conversions are performed at unity power factor and the de link voltage is maintained constant. The (MPF'T) extracts optimum power from the wind turbine from cut-in to rated wind velocity by sensing only the turbine output power. The complete system has been simulated for various wind velocities. The control algorithm is implemented on TMS320F243 DSP and the simulated results are validated by experimental results. Positive dc rail rectifier current (A) Negative dc rail rectifier current (A) Positive dc rail inverter current (A) Negative dc rail inverter current (A) Rectifier ac input phase currents (A) Pole voltages (V) . Switchingfunctions for the inverter I. INTRODUCTION HE development of renewable energy sources has at-T tracted considerable interest in recent years primarily due to concerns about the environment pollution caused by the burning of fossil fuels, and its continually diminishing reserves. This is further fueled by public uneasiness with the safety aspects of power generation using nuclear energy. Currently, obtaining electricity from the wind offers the cheapest economic perspectives of renewable energy sources, where in grid connected induction generators are popular. However, variable speed systems integrated with power electronic interfaces are becoming popular due to their capability of extracting optimal energy capture, reduced mechanical stresses and aerodynamic noise[l], [2] . For optimum energy extraction, the speed of the turbine should be varied with wind speed so that the optimum tip-speed ratio is maintained [3] . But, the measurement of wind speed is difficult in practice. However, it is possible to extract the optimum power by sensing the rotational speed of the turbine. But this method requires the knowledge of turbine parameters, in addition to turbine output power.
In this paper a simple control strategy to extract the maximum power from the grid connected VSWECS is proposed. Unlike other control strategies reported in the literature, this is achieved without the knowledge of turbine parameters. In order to improve the efficiency and to decrease the cost, B-4 PWM converters are used instead of B-6 PWM converters. There are only eight switches and two dc link capacitors, instead of twelve switches and one dc link capacitor. These converters are operated at unity power factor. The output power from PMSG (both frequency and magnitude of voltage depend on wind speed) is first converted into dc and then it is fed to the grid(frequency and magnitude of voltage are assumed to be constant). The MPPT extracts optimum power from the wind turbine for the wind speeds varying from cut-in to rated, by generating a suitable reference current to the rectifier. A separate controller generates the reference current for the inverter in such a way that the dc link voltage is maintained constant. Figure 1 shows the schematic diagram of the proposed system. The state-space model of each element of the system is developed separately. They are interconnected to simulate the whole system. Power converters are modeled based on switching function concept [5] . The complete system is simulated for various wind velocities. The control algorithm is implemented on TMS320F243 DSP and the simulated results are validated through experimental results.
MATHEMATICAL MODELING OF VSWECS A. Wind Turbine Characteristics
Wind turbine is characterized by the non-dimensional curve of coefficient of performance C, as a function of tip-speed ratio h. It can be defined as follows:
'0
(1) The output power of the wind turbine pf may be calculated as
It can be observed from figure 2 that C, is maximum when h is equal to 7.5. This value is higher than Betz limit, because of polynomial approximation of the actual characteristics. The torque developed by the wind turbine can be expressed as
Combining equations 4, 3 and 1, the expression for the torque may be written as
The power coefficient C, varies with h. For the wind turbine 2 h following equation [6] and it is shown in figure 2. 'off' and zero if it is 'on'. For figure 1, the following equations can be obtained:
In equations 11 and 12, voltages vqr and Vdr are given by: 
C. PWM Recti$er
Each switch of B-4 PWM converters is represented as binary resistance. The value of this resistance is infinite if the switch is The currents are given by:
Applying KCL at x and y, the voltages across capacitors and hence the dc link voltage can be determined.
The switching functions for the rectifier are derived by a hysteresis type of current controller. Knowing the switching functions (S, & Sb) and using equations 13-22, PWM rectifier is simulated.
D. PWM Inverter
The procedure for modeling PWM inverter is the same as that of the PWM rectifier. The inverter output phase currents are given by
The switching functions for the inverter are derived by a hysteresis type of current controller. Knowing the switching functions (Sk & S;) and using equations 23-27, PWM inverter is simulated. 
CONTROL STRATEGY A. PWM Rectijier
The three phase reference currents required for the PWM rectifier are generated by the MPPT. This MPPT calculates the output power of the generator by measuring DC link current and voltage, and then perturbs the operating point by increasing/decreasing the reference current magnitude. The new value of power is then compared with the previous value and depending upon the error, reference current magnitude is further increased or decreased. Its principle of operation is shown in the figure 4. In order to operate the PMSG at unity power factor, the three-phase reference currents which are in phase with the respective phase voltages are generated. This is achieved by a PLL.
B. PWM inverter
The reference currents required for the PWM inverter are generated by a separate controller. This controller determines the magnitude of the reference current in such a way that the dc link voltage is maintained constant at a desired value. These reference currents are in phase with the respective grid voltages. This is achieved by a separate PLL.
IV. SIMULATION RESULTS
In order to predict the performance of the proposed VSWECS extensive simulation studies using Matlab are conducted. The various parameters used for the simulation study are given in Appendix. Simulated waveforms for a wind speed of 6 and 8 &sec at steady state conditions are presented in figures 5-8. From figures 5 and 6, it can be observed that, with the increase in wind speed the power fed to the grid also increases which is indicated by the increase in magnitude of PMSG phase voltage, rectifier phase current and inverter output phase current. Figure 7 presents variation of tip-speed ratio@) with respect depicts variation of tip-speed ratio. At t = 15 secs, wind speed is changed from 6 to 8 m/sec in step, whereas tip-speed ratio is maintained at Cp(,,x) in steady state conditions. Typical experimental results are presented in figures 9-12. In these figures, trace 1 depicts phase-A reference and actual currents of the grid connected PWM inverter, while trace 2 presents the dc link voltage and trace 3 shows phase-A reference and actual currents of the PWM rectifier. Reference current for the PWM rectifier is in phase with the corresponding generator phase voltage, while for the grid connected PWM inverter, it is in anti-phase with the corresponding grid phase voltage. Figures 11 and 12 shows the results obtained when the generator is operating at 46.3 and 52.1 Hz respectively, delivering the MPPT specified amount of power, but with higher specified dc link voltage. The higher dc link voltage was specified in order to test the control algorithm of the PWM grid connected inverter. 
V. EXPERIMENTAL RESULTS

VI. CONCLUSIONS
A simple control strategy for an optimal extraction of power, of a grid connected VSWECS with power converters having reduced switch count is presented. MPPT extracts optimum power, only by measuring turbine output power. This is achieved without the knowledge of wind turbine parameters. State-space model of each element of the system is developed separately and then they are interconnected to simulate the whole system. The complete system is simulated for various wind velocities. Simulation results show the effectiveness of the control strategy used. Typical experimental results are also presented. Experimental results indicate that the power is being extracted from variable voltage, variable frequency source and fed to the grid at unity power factor. It can be seen from the experimental results that the power is being drawn from the generator at upf as specified by the MPPT and is fed into the grid at upf, while maintaining the dc link voltage constant for various operating frequencies of the generator.
